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S U M M A R Y
Objective: To clarify whether exanthema is related to illness severity in acute enterovirus infection in
children.
Methods: The data of pediatric inpatients at Zhujiang Hospital during 2009–2012 with an acute
enterovirus infection were reviewed retrospectively. Enterovirus infection was determined by real-time
reverse transcription PCR. Clinical data were summarized and compared between cases with and
without exanthema.
Results: A total of 780 pediatric inpatients with an acute enterovirus infection were included in this
study, of whom 83 (10.6%) presented no exanthema. The percentage of deaths in the group of patients
without exanthema was signiﬁcantly higher than that in the group with exanthema (7.2% vs. 1.1%; p
=0.002). Central nervous system involvement (41.0% vs. 30.0%; p = 0.041), severe central nervous system
(CNS) involvement (21.7% vs. 11.0%; p = 0.005), severe CNS involvement with cardiopulmonary failure
(9.6% vs. 2.3%; p = 0.002), an altered level of consciousness (15.7% vs. 7.6%; p = 0.013), and convulsions
(14.4% vs. 6.3%; p = 0.007) occurred signiﬁcantly more frequently in the group without exanthema.
Conclusions: A considerable proportion of children with an acute enterovirus infection in Guangdong
Province, China during 2009–2012 presented no exanthema, and the absence of exanthema was found to
be related to death and illness severity for these acute enterovirus infections. Clinicians in China should
consider enterovirus as the possible pathogen when treating children with an acute pathogen infection
without exanthema.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Exanthema is a conspicuous and common sign in enterovirus
(EV)-infected children, however the clinical implications of the
presence or absence of exanthema in acute EV infection remain
unclear. Therefore, we reviewed the cases of pediatric inpatients
with acute EV infection who were admitted to Zhujiang Hospital
during 2009–2012, and compared the clinical data between cases
with and without exanthema to determine whether the absence of* Corresponding authors. Tel.: +86 20 62783662.
E-mail addresses: yunanzhujiang@163.com (N. Yu), chexiaoyan@126.com
(X.-Y. Che).
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1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).exanthema is related to illness severity in children with acute EV
infection in China.
2. Materials and methods
The medical records of pediatric inpatients with a diagnosis of
acute EV infection admitted to Zhujiang Hospital during the period
January 2009 to December 2012 were reviewed retrospectively.
Data from the records of each inpatient were extracted retrospec-
tively by two researchers and veriﬁed by pediatric clinicians.
Pediatric inpatients who met the following criteria were included:
presented with fever or exanthema; real-time ﬂuorescence RT-PCR
evidence of positive pan-EV. Inpatients with a medical history of
neurological disease or congenital heart disease and thoseciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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from this study. The clinical data were summarized and compared
between cases with and without exanthema.
2.1. Clinical deﬁnitions
Exanthema was deﬁned as the presence of any one or a
combination of the following: vesicles, macules, papules, macu-
lopapules, pustular eruptions, and oral ulcers. Information on
whether or not the patient presented exanthema was determined
jointly by clinicians of three levels: resident doctor, attending
doctor, and chief doctor. Mild central nervous system (CNS)
involvement was deﬁned as having two or more of the following
symptoms: vomiting, irritability, myoclonic jerk, convulsions,
changed muscular tension, decreased tendon reﬂexes, headache,
and neck stiffness. Those who also presented altered conscious-
ness, paralysis, or a CNS lesion (on neuroimaging) were diagnosed
as having severe CNS involvement. Cardiopulmonary failure (CPF)
was deﬁned as the necessity for inotropic agents, endotracheal
intubation, and ventilator support. An acute respiratory infection
(ARI) was diagnosed in the presence of rhinorrhea and/or cough,
and patients with pneumonia or bronchopneumonia were
considered to have a severe ARI.
3. Results
A total of 2126 pediatric patients suspected of acute EV
infection underwent testing for EV with real-time ﬂuorescence RT-
PCR during 2009–2012; 851 were outpatients and 862 were
inpatients. Seven hundred and eighty eligible pediatric inpatients
out of the 862 were included in this study. The characteristics of
the patients included are shown in Table 1.
Of the 780 cases, 83 presented no exanthema during their
illness, accounting for 10.6%. The percentage of deaths in the group
of inpatients without exanthema was signiﬁcantly higher than that
in the group with exanthema (7.2% vs. 1.1%; p = 0.001). Severe CNS
involvement + CPF (9.6% vs. 2.3%; p = 0.025), severe CNS
involvement (21.7% vs. 11.0%; p = 0.005), CNS involvementTable 1
Comparison of the clinical characteristics of patients without exanthema and those wit
during 2009–2012
No exanthema group
Demographics
Age, months, mean  SD 32.7  17.9 
Male/female 57/26 
ARI 33.7% (28) 
Severe ARI 19.3% (16) 
Neurological classiﬁcation
CNS involvement 41.0% (34) 
Severe CNS involvement 21.7% (18) 
Severe CNS involvement + CPF 9.6% (8) 
General clinical characteristics
Duration of hospitalization, days, mean  SD 6.74  4.93 
Fever 39 8C 65.1% (54) 
Fever 3 days 67.5% (56) 
Lethargy 26.5% (22) 
Vomiting 18.1% (15) 
Neurological symptoms
Trembling/shaking 20.5% (17) 
Myoclonic jerk 24.1% (20) 
Abnormal tendon reﬂex 3.6% (3) 
Abnormal muscular tension 7.2% (6) 
Meningeal irritation signs 4.8% (4) 
Convulsions 14.4% (12) 
Altered level of consciousness 15.7% (13) 
Paralysis 3.6% (3) 
Death 7.2% (6) 
SD, standard deviation; ARI, acute respiratory tract infection; CNS, central nervous sys
* P < 0.05.(41.0% vs. 31.0%; p = 0.041), altered level of consciousness
(15.7% vs. 7.6%; p = 0.013), convulsions (14.4% vs. 6.3%; p =
0.007), and fever 3 days (67.5% vs. 56.1%; p = 0.048) occurred
signiﬁcantly more frequently in the group without exanthema
(Table 1).
4. Discussion
Although the illness of most young children with an acute EV
infection is mild, a small proportion of cases do suffer death or
severe complications of meningitis, encephalitis, acute ﬂaccid
paralysis, coma, and acute CPF.1–3 Certain risk factors, including
hyperglycemia, leukocytosis, hyperpyrexia, a long duration of
fever, young age, etc. have been found to be related to severe
neurological complications or death in hand, foot, and mouth
disease (HFMD).1–4
Our study indicates that the absence of exanthema was related
to death and illness severity in children with acute EV infection in
Guangdong Province, China during 2009–2012. Signiﬁcantly
higher percentages of death (7.2% vs. 1.1%; p = 0.001), severe
CNS involvement + CPF (9.6% vs. 2.3%; p = 0.025), severe CNS
involvement (21.7% vs. 11.0%; p = 0.005), CNS involvement (41.0%
vs. 31.0%; p = 0.041), altered level of consciousness (15.7% vs. 7.6%;
p = 0.013), convulsions (14.4% vs. 6.3%; p = 0.007), and fever 3
days (67.5% vs. 56.1%; p = 0.048) were found in the group of
patients without exanthema compared to the group of patients
with exanthema (Table 1).
Two studies have shown papular exanthema and the absence of
oral ulcers to be risk factors for developing severe complications,
while palm exanthema, oral ulcers, and herpes have been shown to
be protective factors in HFMD.1,4 Considering that an ulcer is the
remnant of a ruptured vesicle, the absence of oral ulcers being
related to fatal HFMD is similar to our results. Free EV or infected
leukocytes localizing in the small blood vessels is the prerequisite
of a lesion in the skin or mucosa. During EV infection, the very high
numbers of EV will increase the chances of producing large
amounts of proinﬂammatory cytokines, which will induce severe
inﬂammation and compromise the integrity of the blood–brainh exanthema among enterovirus-infected inpatients admitted to Zhujiang Hospital
 (n = 83) Exanthema group (n = 697) p-Value
27.7  16.0 0.007*
464/233 0.700
32.7% (228) 0.851
12.2% (85) 0.069
30.0% (209) 0.041*
11.0% (77) 0.005*
2.3% (16) 0.002*
6.18  3.99 0.268
56.8% (396) 0.151
56.1% (391) 0.048*
27.3% (190) 0.884
17.2% (120) 0.846
17.9% (125) 0.570
29.1% (203) 0.338
1.1% (8) 0.072
3.4% (24) 0.090
1.9% (13) 0.081
6.3% (49) 0.007*
7.6% (53) 0.013*
3.2% (22) 0.823
1.1% (8) 0.002*
tem; CPF, cardiopulmonary failure.
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reactions are related to death and the development of severe
complications in EV71 infection.5–7 Eruptions can serve as a less
malignant way of shunting particles of EV from the blood into skin
and mucosa, thereby lowering the chances of CNS infection and
mitigating the severe inﬂammation that leads to failures of vital
organs.
Highly elevated C-reactive protein and white blood cell counts
are common in EV infection, especially for those with a severe
illness;8–10 this can easily be misdiagnosed as a bacterial infection
in those cases of EV infection without exanthema. Without the
reminder of exanthema, some clinicians may not order tests for EV
and thereby fail to implement the necessary anti-virus treatments,
which may result in a tragic outcome for the patient with a severe
EV infection. Cases without exanthema accounted for a consider-
able proportion (10.6%) of acute EV infection in Guangdong
Province, China during 2009–2012 in our study. Considering this
considerable proportion of patients with no exanthema during EV
infection and the absence of exanthema being related to death and
illness severity, doctors in China should consider EV as the possible
pathogen in children without exanthema presenting with an acute
pathogen infection, especially during the season in which EV
circulates.
The association of the absence of exanthema with death and
illness severity in EV infection identiﬁed in this study is based on
the enteroviruses circulating in Guangdong Province, China during
2009–2012; also, most cases were preschool children. Further
studies are needed to conﬁrm whether the conclusions of this
study can be generalized.
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